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ou^,™ E ™ =MposmoNHAv[No 

TOs invent pereiills t0 „ absotl)en , po]ymeije ^ ^ 
S speedy. „ Mrophajc> te foam composiiim 

composite and to articles fabricated therefrom. 

Absorbent, hydrophihc polymeric foams find utility in products which are used for 
acquiring and distributing a.ueous fluids; for examp,e, diapers, adu,t incontinence pads and 
bnefs; femmine hygiene products, such as. sanitary „ ap k ms and tampons; wiping towels and 

nursmg pads; food packaging, such as, absorbent pads for juice and drippings (for example 
ch.cken.nuce and meat drippings); cable wrap, and water block tape. 

Flexible, hydrophilic, nonionic, polymeric foams which are absorbent, that is, capable 

(w/o) mgh mternal phase emukion (HIPE) polymerization. As examples of this art, refer to 
the disclosures of U.S. Patents 5,550,167, 5,741,58,, and 5,786,395. Disadvantageous* 
the preparation of a polymerized w/o HIPE foam requires processing large volumes of ' 
-ater, which complicates the foam production process. Moreover, obtaining a dry foam 
from a w/o HIPE polymerization k difficult. As a mrther disadvantage, HIPE foams typically 
requue post-synthesis functionalization or rinse treatments in order to render the foam 
hydrophilic and therefore capable of absorbing aqueous fluids. U.S. Patent 5 741 58, 
further discloses that the polymeric foam material may be "collapsible," but expandable upon 
contact with aqueous fluid, This property is obtained only after extensive post foaming 
operations. These steps include multiple washing in a hydratabb salt solution, with each 
wash flowed by nip roDmg. The final n,p .clung has to be done under vacuum followed by 
subsequent drying in an air circulating oven. As yet another disadvantage, HIPE foams may 
exhmtt lower stress at user break, percentage elongation at user break, and toughness 
especially when wet, than is desirable for certain absorbent uses. 

Latex foams used in absorbent applications are hkewise known in the art For 
example, U.S. Patents 3.887,408, 3.901.240. 4.000.028. and 4,069,366 disclose absorbent 
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pads tha. comprise a lanunate havb-g . - — »- — '» " 

pad k prepared by forming a foam. drying » — *** *" ,0 "" "* 

Lai layer, crushing the foam under pressure to duress, and then curmg the 

, crushedfoam. A foam that is cored after crushing would be expected to have a relatively 
, ow v0 id volume artd therefore a low free absorbent capacHy. Moreover, such a foam wou>d 
„o, be expected to expand on contact with arpreou* fluids ., to verticagy wich ,o a mgh 
height. 

U S Paten. 4.99M41 teaches oombining latex foam with a s.areh or cetolose based 
,„ po, ym er.oma l ea„ab S orbe„raft*le The latex foam is combined with another polymer lo 

10 poiyiu^ hq Patent 5 763,067 discloses latex 

„btaintereqnnementofhigh»bso,pt»nofl«inKis. U.S. Patent 5,7oj,u 

foams having saline npt*e values of 1.2 ^ 7.3 grams of satosoluflon pee gram of 
foam, which is loo low for me as an absorbent layer. 

Wicking. o, the ability to draw fluids away from the point of contact, wonld he 
B advantageous, because it agowa fo, miuaaoon of region, of the absorbent marena, far from 

Lben. Produor. Bymovttg the fluid away fnom the pom, of oonuct. w Kta g may a,o 
p L a Lee of the absorbent ardCe wgh a dHe, fee, to the shhv. Tmnftiona, Utex foams 
, onotnonnaflyhavetheabiU.yowichfl.idftomtbepo.tofoontao,. ^no.™hmg 
1 be bound by theory, it * behoved tha, poor w*hing may be a,— to the rel»„ve,y 
large (greater than 50pm) cell size found in latex foams. 

,„ view of the above, it would be advantageous to discover a hydrophilic polymeric 
[ „ a mmat 1 sc,p.hleofao q «binganddisu < bu,inga,oeonsfluids,b».th,tisarso^s 

25 Ipucared ,0 prepare than H.PE foams. « won* -so he advantageous .te absorbent 
polyL foam was urherently hydroph*. such tha, post* fltner— on and 

ueatments were no. reined to achfcve hydrophtlicuy. ., would he more 
advantageon^uvehydrophihcpolymeriefoamhadahighfreeabsorhentoapacny. ft 

Z L oven more adv„.,geous if *. hydrophnic poly^c foam was a durable — 
30 as exemplified by good stress., user bfoah, pereonmge ohtngauon at user bre* and 

loLss, bom prior 10 and after absorb* fluid. M» . -Id be mos, advarrtngeoos < 
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lb. hydrophifc p „ lynieiic foam TO ^ of 

' ' W UCOTa »K »' i»: in absorbenl applications. 

Surprising,, w , naw discovOTd ^ 1UK foams ^ ^ 

In one .spec, mis invention is a nova, composition comprising a durable 
conformable, hydros, polyn]eric ^ foam ^ . ^ ^ J 

hemnrafmr, a 0.9 we,g„, pereeM ^ ^ . 

— fcm , * , em . Vmfcal ^ „ nMed ^ ; 

-«--. «-. "i*„g * „ „ unirs of teighl (for exMlpfc , ^ 
and „ . a m araMr briber, „ .boTes, Procures section. ^ 
In a preferred aspeo,, ,be dund*. conformable, bydropbuic absorten, , atex foam 
compo s ,tio„ ofUria invent mmams » ^ _ 

^ °» - ^on «*_ Ure „ roa m Mpands as H absorbs 

The novel polymeric foam composition of this invention can be employed as an 
absorber,, m prodnc* rvhicb are used .o a^uim and dia.ribore ^uooua fluids, for example 

•« — * - apon.es, wound tilings and surgical w , clorhing apparel , food 
pacbagmg, cable wrap, ^ „ aKr bJock ^ Ah-1 ^, fc ^ 

foam of «* invenrion is inbercnUy bydropbibc, wmcb enmmares rbe neati for pM . svmhesis 
*-"->>» «i - _ ra MropUSdty ^ ^ ^ >d 
^•POlyn-foamofmismv^ion^^^^ ^ 
possess* good srress al oser breab, percenrage clongarron « user breat , md 
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both prior to and after absorbing fluids. Most advantageously, the absorbent polymeric foam 
of this invention is capable of vertically wicking aqueous fluids to a high height and rapidly. 

In a second aspect, this invention is a process of preparing a durable, conformable, 
hydrophilic, polymeric latex foam composition, which is capable of acquiring and distributing 
5 aqueous fluids and which is capable of vertically wicking a 0.9 weight percent aqueous saline 
solution, to a height of greater than 5 cm. The process of preparing the aforementioned 
composition comprises: 

(a) frothing a formulation comprising a reactive latex polymer, the formulation being 
designed to produce a durable, conformable, hydrophilic, polymeric latex foam capable of 

10 acquiring and distributing fluids, and capable of vertically wicking a 0.9 weight percent 
aqueous saline solution to a height of greater than 5 cm; 

(b) drawing the frothed latex formulation into a desired shape; 

(c) setting the shaped latex formulation under conditions sufficient to prepare the 
aforementioned durable, conformable, hydrophilic, polymeric latex foam composition; and 

15 (d) optionally, compressing the latex foam under conditions sufficient to prepare a 

"thin-till-wet" foam composition. 

The process of this invention is desirable for preparing durable, absorbent latex foams 
having a high vertical wicking capacity for aqueous fluids as well as a high free absorbent 
capacity. As a further advantage, the process of this invention is less complicated than high 
20 internal phase emulsion polymerization methods of the prior art. As a further advantage of 
this invention, the preparation of the novel composition does not require vulcanization, 
which is often found in latex foam prior art. 

In a third aspect, this invention is an article of manufacture selected from diapers, 
feminine hygiene products, clothing apparel, wiping towels, wiping sponges, wound 
25 dressings, surgical sponges, food packaging, cable wraps, and water block tapes, the article 
comprising the aforementioned durable, absorbent, conformable, hydrophilic, polymenc latex 
foam composition of this invention. 

A novel composition is disclosed herein comprising a durable, conformable, 
hydrophilic, polymeric latex foam, which is capable of acquiring and distributing aqueous 
30 fluids. The term "aqueous fluid" is meant to include essentially pure water, aqueous saline 
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solution as well as , qu eo« sol.*™ one or ^ 

fron, corgaaic Md orgaoic „, ^ ^ ^ ^ ^ 

<M*i * not fated lo „™, bkjod „ fluM> 
juice, meat drippings, etc. 

The polymeric foam of this invention is further characterized as being capable of 
vertically wicking a 0.9 weight percent aqueous saline solution, to a height of greater than 
5 cm, preferably, greater than 10cm, more preferably great er than 15 cm, and most 
preferably, greater than 20 cm, with vertical wicking being measured for the purposes of this 
invent™ in the manner described in the Test Procedures section, included hereinbelow. 

10 For the purposes of this invention, the term "durable" will refer to a desirable level of 

stress at user break, percentage elongation at user break, and toughness. These three 
physical properties are known to those skilled in the art of materials science, and more 
specifically, polymer science. General definitions of the aforementioned physical properties 
and the* methods of measurement can be found in textbooks in the general art, for example 

15 m Textbook of Polymer Science, 2- ed., Fred W. Billmeyer, Jr., Wiley-Interscience John " 
Wiley ft Sons, Inc., New York, 1971. Stress at user break, percentage elongation at user 
break, and toughness are more specifically defined for the purposes of this invention in the 
Test Procedures section included below. The desirable levels of stress at user break 
percentage elongation at user break, and toughness, as applied to the composition of this 

20 invention, arc also described hereinafter. 

For the purposes of this invention, the term "conformable" is defined as having the 
ability to bend and flex to the desired shape of the user; for example, the shape of a wearer 
of the absorbent article. 



25 



30 



The term "hydrophilic," as used herein, will describe a material or surface of a 
material that is wettable by aqueous fluids, including aqueous bodily fluids, deposited on 
these materials. Hydrophilicity and wettability are typically defined in terms of contact angle 
Contact angles are measured by placing a drop of fluid on the material or surface also 
referred to as a substrate. The "contact angle" is defined as the ang,e between the substrate 
and a line tangent to the liquid droplet at the point at which the liquid contacts the substrate 
A material or surface of a material is said to be wetted by a fluid (that is, hydrophilic) when 
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either the contact angle between the fluid and the material, or its surface, is less than 
90 degrees, or when the fluid tends to spread spontaneously across the surface of the 
material, both conditions normally co-cxisting. A contact angle of 0 degrees corresponds to 
a droplet that completely wets the substrate. Conversely, a material or surface is considered 
5 to be hydrophobic if the contact angle is 90 degrees or greater than 90 degrees, and the fluid 
does not spread spontaneously across the surface of the material. A contact angle of 
3 80 degrees corresponds to an essentially perfectly spherical droplet on the substrate. The 
subjects of wettability and contact angles are discussed in detail by Milton J. Rosen in 
Surfactants and Interfacial Phenomena, 2 nd edition, John Wiley & Sons, Inc., 1989. 

10 In preferred embodiments of this invention, the durable, conformable, hydrophilic 

polymeric foam is still further characterized as having a free absorbent capacity for a 
0.9 weight percent aqueous saline solution of greater than 5 grams, preferably 10 grams, 
more preferably, greater than 15 grams, most preferably, greater than 18 grams of saline 
solution absorbed per gram of dry foam (g/g). The term "dry foam" refers herein to a foam 

15 which essentially has not been wetted, except as what wetness may pre-exist in the foam 
after curing or on standing in the ambient environment. A detailed description of the 
measurement of free absorbent capacity is given in the Test Procedures section, included 
herein below. 

In another preferred aspect of this invention, the durable, conformable, hydrophilic 
20 polymeric latex foam is ionic. As used herein, the term "ionic" will mean that the material 
contains ionic groups, an ion being any atom or radical that has lost or gained one or more 
electrons and has thus acquired an electric charge. Both cations (positively charged ions) 
and anions (negatively charged ions) are suitably included. The ionicity of the composition 
of this invention may be derived from ionic substituents present on the latex polymer chain, 
25 including residual unreacted ionic functionalities, such as carboxylate groups; or 

alternatively, from ionic substituents on additives present in the polymer formulation, for 
example, foaming aids, foam stabilizers, pH control agents, and thickeners. Typically, 
however, inorganic salts, such as calcium chloride, are not present in bulk in the polymer 
and, therefore, are not the source of ionic charge. 

30 A second aspect of this invention is a process for preparing the durable, conformable, 

hydrophilic, polymeric latex foam composition, which is capable of acquiring and distributing 

6 
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fluids and which * characterised by high vertical wickmg and the aforementioned preyed 
free absorbent capacity. The process comprises the foflowing steps- 

(a) frothing a fonnuiation uprising a reacUve ,a,ex po lym er, the f orm n.aUon being 
desrgned to produce a durable, conformable, hydrophihc, po,ymeric latex foam capable of 
acqumng and distributing aqueous fluids, and capable of vertically wicking a 0 9 weigh, 
percent aqueous saline solution, to a height of greater than 5 cm; 

(b) drawing the frothed latex formulation into a desired shape; 

(0 setting the shaped latex formulation under conditions sufficient to prepare the 
aforcmentioned durable, conformable, hydrophihc, polymeric latex foam composition- and 

(d) opuonafly, compressing the latex foam under conditions sufficient to prepare a 
"thin-tiU-wet" foam composition. 



As noted hereinbefore, the phrase "thin-tfll-wet" means that after compression and 
pnor to wetting, the foam composition remains thin or compressed; but upon wetting the 
compressed foam expands and becomes thicker. The extent of compression, hence the 
15 tnick„essofthepre-wettedfoam,canvarydependingo„theapplication. Typically the 

thrckness of the thin-till-wet foam is less than 75 percent, more typically less than 50 percent 
still more typically less than 25 percent of its pre-compressed thickness prior to wetting The 
thrckness of the thin-till-wet foam can be less than 10 percent of its pre-compressed 
thickness prior to wetting. Upon absorbing its full or nearly full capacity of fluid, the foam 
20 typcally reaches greater than 50 percent, more typicaUy, greater than 75 percent, still more 
typrcally, greater than 90 percent of its pre-compressed thickness, in the absence of any 
constraining forces. 

The formulation in step (a), above, comprises a latex polymer having certain reactive 
functional group, Preferably, the formulation additionally contains a water-dispersible 

25 coreactive material (cross-linking agent) having two or more groups capable of reacting with 
the reacuve functional groups of the latex polymer. By "water-dispersible material" is meant 
a material that is soluble or dispersible in water or a water miscible liquid. The formulation 
may also contain other components such as foaming aides, foam stabilizers, pH control 
agents, thickeners, fillers, antioxidants, gelling agents, plasticizing components, and the like 

30 Frolhrng orfoaming of the formulation can be accomplished by one of several known 
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methods, such as by using blowing agents, by whipping, or by use of any suitable apparatus 
having commercially available foaming heads. 

The reactive latex polymers suitable for use in this invention typically are polymers of 
one or more elhylenically unsaturated monomers selected from the class of styrene and 
5 monomers copolymerizable with styrene, for example, a copolymer comprising a 

monovinylidene aromatic monomer, an aliphatic conjugated diene monomer, and/or an 
a,p-cthylenically unsaturated carboxylic acid. 

At least one of such ethylenically unsaturated monomers which is polymerized to 
form the reactive latex consists of those polymerizable ethylenically unsaturated monomers 

10 having at least one type of pendant reactive group, such as carboxy, sulfo, primary amino, 
secondary amino, amido, methylolamido, sulfonamido, primary hydroxyl, secondary, 
hydroxyl, phenolic hydroxyl, aldehydic, and epoxy groups. Alternatively, the polymerizable 
ethylenically unsaturated monomer may have substituent groups which, subsequent to 
polymerization, can be converted to such reactive substituent groups, for example, ester, 

15 * nitrile, amide, or salt groups which can be hydrolyzed to reactive acid, amine, or hydroxyl 
groups. Zwitterionic monomers can also be used to make zwitterionic latex polymers, as 
described in U.S. Patent 6,025,404. 

Non-limiting examples of suitable ethylenically unsaturated monomers having 
pendant reactive substituent groups include acrylic acid, methacrylic acid, itaconic acid, 

20 fumaric acid, maleic acid, ethyl acid maleate, 2-sulfoethyl acrylate, 2-sulfoethyl methacrylate, 
2-aminoethyl methacrylate hydrochloride, 2-aminoethyl acrylate hydrochloride, vinyl 
benzylamine, glycidyl methacrylate, hydroxystyrene, acrolein, methacrolein, allyl alcohol, 
vinylbenzyl alcohol, 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, acrylamide, bis- 
N-methylol acrylamide, N-methylolmethacrylamide, N-methylolmethacrylamide, bis-N- 

25 methylolmethacrylamide, methacrylamide, N-p-hydroxyethyl acrylamide, N-P-hydroxyethyl 
methacrylamide, P-hydroxypropyl acrylate, p-hydroxypropyl methacrylate, y-hydroxypropyl 
methacrylate, 6-hydroxyhexyl acrylate, 6-hydroxyhexyl methacrylate, sodium styrene 
sulfonate, sodium a-methylstyrene sulfonate, 2-methylaminoethyl acrylate hydrochloride, 
2-methylaminoethyl methacrylate hydrochloride, 3-methylaminopropyl acrylate 

30 hydrochloride, 3-methylaminopropyl methacrylate hydrochloride, 3-methylaminobutyl 
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achate hydrochloride, 3-m«h y la™„ blll ^ nMmyhK hydrochlori . . 

^"^^-y-.ura.ed^o^^.^^^ 

* a« the _ havi „ 8 one „ more ^ — 

unsaturated acid derives, such „ te ^ ^ acryfc ^ mafcjc ^ ^ 

fuinanc cslcrs; unsaturated alcohol esters; unsaturated ketones; the conjugated olefins; and 
other compounds containing one or more ^ ^ ^ 

polymerization. 

Specific non-ltofttag Kamptes of soch e , hyIenically ^ 
atyrcne, a-ntethylstynane, ur-mnth,^, „-e %klyraK , ct-ar-dtaethyist,™ „ 
ar-din,e,hy ta y„„e. aM.butyhtry™, vinyWphd^, ntethoxysty™, cyan„s,y«« 
•cntylstyrene, moM chk,,osty,e*, dichlo^s, w aarf 01ht , MosIyrems 
cthy, ac^te, bmyl ^ hexy , ^ 

ntethacrylate. phenyl acryiate, aerylonitrile, nte.h.crylonitrile, ethy, o..ch,o,„acryla,e, dielnyl 
rnaleate, p„,yg,ye„, ^ ^ ch , 0fidt ^ ^ ^ 

brotnrde. viny, mct hy, toonc , ^ ^ ^ ^ ^ , 3 

isoprene, and the like. 

latexes of the above polymers are prepared by polymerizing one or more 
ethylenically unsaturate, monomers of the ^ rf ^ ^ 

with styrene, at least one of whieh contains a pendant substituent reactive group by 
conventional emulsion polymerization methods. 

In one preferred embodiment, the reactive latex is selected from epoxy modified 
styrene/butadiene latex powers, preferably, styrene^utadiene/glycidyl methacrylate latex 
n another pre ferred embodiment, the reactive latex polymer is an ionicany-mnctionahzed ' 
atex polymer that produces an ionically functionalized foam; more preferably, an ionicaDy- 

nancuonahzeo styrene/butadiene latex polymer, and even more preferably, a carboxylated 

styrene/butadiene latex polymer. Most preferably, the reactive latex is a 

siyrene^utadiene/acrylic acid, styrene/butadiene/itaconic acid, or a 

styrene/butadiene/glycidyl methacrylate latex polymer. 
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Any reactive latex solids content can be employed in the latex polymer formulation, 
provided that the composition of this invention is achieved. Generally, the reactive latex 
solids content of the formulation is greater than 20 weight percent, preferably, greater than 
30 weight percent, and more preferably, greater than 40 weight percent, based on the total 
5 weight of the formulation. Generally, the reactive latex solids content of the formulation is 
less than 80 weight percent, typically, less than 70 weight percent, and more typically, less 
than 60 weight percent, based on the total weight of the formulation. 

The coreactive materials or cross-linking agents, which are preferably mixed with the 
reactive latexes prescribed for this invention, are those materials which are soluble or 

10 dispersible in water or in water-miscible liquids and which contain at least one carbon atom 
and which have at least two substituent groups coreactive with the reactive groups on the 
copolymer of said latex.._There may be selected as-the coreactive material for use with the 
reactive latex component other latexes which contain polymers having a plurality of 
substituent groups which also are coreactive with the substituent groups on the copolymer of 

15 the said reactive latex. Representative coreactive substituent groups are (a) methylol groups 
when attached to a nitrogen atom, (b) modified methylol groups which have been alkylated 
with an alcohol having from 1 to 4 carbon atoms when such groups are attached to a 
nitrogen atom, (c) methylol groups when attached to the aromatic ring of a phenolic 
compound, (d) carboxyl groups, (e) primary amino groups, (0 secondary amino groups, 

20 (g) epoxy groups, and (h) zwitterionic functionalities. The nitrogen atom in (a) and (b) may 
be a part of the main chain or ring of the compound or polymer. Vulcanization, crosslinking 
using sulfur, is preferably not employed in this invention. 

Non-limiting examples of suitable coreactive materials include melamine, melamine- 
formaldehyde condensates, urea, urea-formaldehyde condensates, methylated melamine- 

25 formaldehyde condensates, methylated urea- formaldehyde condensates, butylated melamine- 
formaldehyde condensates, butylated urea-formaldehyde condensates, phenol-formaldehyde 
condensates, ammonia-formaldehyde-hydrochloric acid condensates, liquid epoxy resins, 
ethylene diamine- formaldehyde condensate, hexamethylene diamine-formaldehyde 
condensate, polyethyleneimine, ethylene diamine, diethylenetriamine, triethylene tetramine 

30 acetate, trimethylene diamine, tetramethylene diamine, hexamethylene diamine, 
decamethylene diamine, tetraethylene pentamine, guanidine, foimoguanamine, 
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be^guananunc. dicyandianide, n»ta* add , succUc ^ ^ ^ ^ 

acid, aubcric acid, azate acid, scbacac acid, poiyacyiie acid, a too c„ mp ™, g . 
conolvmpj of 

. . .,.-u Ul «,u lc „ e ana ^animoertylmethacrylate hydrochloride, and a 

latex comprising viny] chloride, vinylidene chloride, 2-sulfoethy, methacrylate ethylene 
• glycol diglycidyl ether, polyethylene glycol di g ,ycidyl ether, diethylene glyco, diglycidyl 
ether, sorbitol polyglycidyl ether, polyglycero, po,y g l yc idy, ether, pentaerythrito. 
polyglycidyl ether, diglycerol polyglycidyl ether, glycol polyglycidyl ether 
trunethylolpropane polyglycidyl ether, propylene glycol diglycidyl ether, polypropylene 
glycol d lg lycidyl ether. «^^^^ t ^^^ p ^^^ 
aad, neopenty, glycol diglycidy, ether. 1,6-hexanediol dig,ycidy, ether, o-phthahc acid 
dig.ycidy, ester, and high molecular weight dicarboxylic acid dig,ycidyl ester Preferred 
coreactive materials include ethy.ene gl yco, diglycidy. ether, polyethylene glycol dig.ycidy, 
ether.diethyleneg^ 

ether, pentaerythritol po,yg,ycidy, ether, diglycerol po,yg,ycidyl ether, g,ycero. polyglycidyl 
ether, trimethy,o, P ropane polyglycidyl ether, pro P y,ene glycol diglycidy, ether, po,ypropy,ene 
glycol diglycidy! ether, resorcino, diglycidy, ether, glycidyl ester ether of p-hydroxy benzoic 
aad, neopentyl glyco, diglycidyl ether, ,,6-hexanedio, diglycidy] ether, o-phthahc acid 
daglycidyl ester, and high molecular weigh, dicarboxylic acid diglycidyl ester More 
preferred coreactive materials include epoxy-substituted polyene polyethers Most 
preferred coreactive materials include ethylene glycol digjycidy, ether, polyethylene glycol 
diglycidyl ether, diethylene glycol diglycidyl ether. 

If the coreactive material is water-soluble, it may simply be mixed with the latex or 
the material may be added as an aqueous solution or as a solution in a water-miscible 
solvent. If the coreactive material is not appreciably soluble in water or a water-miscible 
hquid, then it is added as an aqueous dispersion. However, any emulsifiers used for the 
prepar at,on of such dispersions, as well as the emulsifiers used in the manufacture of the 
latex, preferably are selected so that they are compatible with one another and with the 
reactive groups on the latex polymer and with the reactive groups on the coreactive material. 

If used, the coreactive material can be present in the latex formulation in any amount 
rangmg from greater than 0 to 100 parts coreactive material per one hundred parts solids or 
more, based on the weight of reactive latex solids. If a coreactive material is used 
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preferably, the coreactive material is present in an amount greater than 0, more preferably, 
greater than 3 parts per one hundred parts solids, based on the weight of the reactive latex 
solids. If a coreactive material is used, preferably, the coreactive material is present in an 
amount less than 20 parts, more preferably, less than 10 parts, and most preferably, less than 
5 8 parts per one hundred parts solids, based on the weight of the reactive latex solids. 

Foaming aides, foam stabilizers, pH control agents, thickeners, fillers, antioxidants, 
gelling agents, plasticizing components,. and the like, may be included as optional additional 
components in the formulation. A material will often serve more than one of the 
aforementioned functions, as may be evident to one skilled in the art, even though the 
10 material may be primarily discussed only under one functional heading hereinbelow. 

Optionally, foaming aides can be included in the formulation. Foaming aides, 
encourage the formation of foams and froths and include materials such as sodium lauryl 
sulfate, sodium dodecyl sulfate, and mixtures thereof. If used, foaming aides will be included 
at levels greater than 0 parts per one hundred parts solids, based on the weight of the 
15 reactive latex solids. If used, foaming aids may be included at levels less than 50, preferably, 
less than 10, and more preferably, less than 5 parts per one hundred parts solids, based on 
the weight of the reactive latex solids. 

As another option, foam stabilizers can be included in the formulation. Foam 
stabilizers tend to enhance the integrity of the froth/foam in the shaping and setting process 

20 and can also act as foaming aids. Foam stabilizers include, for example, potassium oleate, 
disodium N-octyldecylsulfosuccinimate, and mixtures thereof. A preferred foam stabilizer is 
disodium N-octyldecylsulfosuccinimate. If used, the stabilizer will be included at a level 
greater than 0 parts per one hundred parts solids, based on the weight of the reactive latex 
solids. Generally, the stabilizer may be included at a level less than 50, preferably, less than 

25 20, more preferably, less than 10, and most preferably, less than 5 parts per one hundred 
parts solids, based on the weight of the reactive latex solids. 

Optionally, pH control agents can be included in the formulation. The inclusion of 
pH control agents can serve both to control the rate of reaction between the reactive latex 
and coreactive material and to modify the viscosity of the formulation. An adjustment of the 
30 pH of the formulation can be made, if desired, by the addition of usual acidifying or 

12 
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alkalizing agents such as acetic acid, citric acid, dilute mineral acids (for example HCl 
H 2 SO„ HN0 3 ), ammonium hydroxide, dilute aqueous solutions of alkali meta, hl„L 
andthehke. ****^*~**^^^^ k ^^ 

value greater than 7, preferably greater than 8, and less than 13, preferably less than 1 1, 
more preferably less than 10. 

As yet another option, thickeners may be included to modify the viscosity of the 
formulate. Suitable non-limiting examples of thickeners include methyl cellulose ethyl 
cellulose, alkali swellable latexes, and alkali soluble latexes. Thickeners may function in 
multmle roles depending upon the thickener employed; for example, some thickeners may 
provide hydrophilicity and/or tackifying properties to the polymer. The quantity of thickener 
that ,s used will depend upon the thickening efficiency of the specific thickener employed as 
well as the desired end viscosity. One skilled in the art would know how to determine the 
amount of specific thickener needed to achieve the desired viscosity. Typically, the amount 
of th IC kener used ranges from greater than 0 to less than 20 parts per one hundred parts 
15 solids, based on the weight of the reactive latex solids. 

Optionally, one or more fillers can also be included in the formulation to modify the 
sohds or foam's physical and/or visual properties. Optional fillers include, for example talc 
calcmm carbonate, titanium dioxide, carbon black, redispersible latex, plastic pigments 
fumed silica, hollow ceramic microspheres, and hollow glass microspheres. Rigid fillers can 
be used to increase the stiffness of the final foam, while flexible fillers can be used to 
decrease the stiffness of the final foam. Low density fillers, such as hollow ceramic 
microspheres and hollow glass microspheres, can be used to decrease the density of the final 
foam, thereby increasing the g/g fluid capacity of the foam without the need to froth to a 
higher void volume. When employed, the filler will typically be provided in an amount 
greater than 1 to less than 100 parts per ,00 parts solids, based on the weight of the reactive 
latex solids. 

Optionally, antioxidants may ako be included in the formulation. Antioxidants inhibit 
oxKlation of the froth/foam during the setting process. Oxidation can discolor the foam and 
degrade xts final physical properties. Antioxidants are well known in the art. Examples of 
antiox.dants include, but are not limited to, substituted phenolic compounds such as 
butylated dihydroxyanisole, di-tert-butyl-p-cresol, and propyl gaUate. Additional examples 
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of antioxidants include aromatic amines, such as, di-beta-naphthyl-para-phenylcnedkmine 
and phenyl-beta-naphthylamine. Two commercially available compositions of antioxidants 
include Aquamix™ 494 (Harwick Chemical Corporation) brand and Lowinox® Emulsion L 
(Chemische Werke Lowi GmbH & Company) brand antioxidants. Aquamix™ 494 brand 
5 antioxidant is a composition comprising the diester of 3-(dodecylthio) proprionic acid, 

tetraethylene glycol, and the reaction products of 4-methylphenol with dicyclopentadiene and 
with Isobutylene. If used, the antioxidants may be included in the formulation at a 
concentration of greater than 0 parts per one hundred parts solids, based on the weight of 
the reactive latex solids. If used, the antioxidants may be included in the formulation at a 
10 concentration of less than 10, preferably, less than 5, more preferably, less than 2 parts per 
one hundred parts solids, based on the weight of the reactive latex solids. 

_,_Qptionally, gelling agents may.be included in the formulation to facilitate the gelling 

of the semi-liquid viscous foam to form a solid cellular structure upon drying and curing. 
The mechanism of gelling should be carefully monitored and controlled. Gelation of the 

15 foam can result from the hydrolysis of relatively insoluble acid forming chemicals such as the 
ammonium, sodium or potassium salts of silko-fluorides. Gelation of the foam can also 
result from the decomposition of suitable heat sensitive ammonium salts such as the 
ammonium sulfates, nitrates, chlorides, thiocyanates, formates and acetates. The 
incorporation of hydrolyzable electrolytes or heat sensitive ammonium salts can be 

20 accomplished after compounding and frothing of the liquid foam. Typically, the gellants are 
carefully metered into the froth after foaming, but before drawing the froth into the desired 
shape. Gelling agents, such as those disclosed in U.S. Patent 4,205,103, may also be 
incorporated into the foam latex or finished foam compound prior to frothing. The quantity 
of gelling agent employed will be selected based upon the gelling capacity of the selected 

25 gelling agent as well as the targeted viscosity to be achieved. 

Optionally, plasticizing components may be included in the formulation to reduce the 
effective glass transition temperature (Tg) of the latex foam composition of this invention. 
The effective Tg is the temperature at which the foam transforms from rigid (non- 
conformable) to flexible (conformable). Plasticizers include any additive that increases the 
30 flexibility of the polymer. Plasticizers include surfactants with long chain hydrophobic ends, 
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At a given void volume, the g/g free absorbent capacity can be increased by incorporating 
into the foam a low density filler material that decreases the foam density, for example, 
hollow ceramic or glass microspheres. Suitable foam densities, prior to compression and in 
the absence of filler, are generally greater than 0.02 grams per cubic centimeter (g/cm 3 ). 
5 Generally, prior to compression and in the absence of filler the foam density is less than 
0.20 g/cm 3 . Preferably, the foam density prior to compression and in the absence of filler is 
less than 0.10 g/cm 3 , more preferably, less than 0.07 g/cm 3 , and more preferably, less than 
0.05 g/cm 3 . 

The frothed formulation is then shaped by any method known in the art, such as, one 
10 or more of the following: (a) pouring or spreading into molds, (b) spreading on a flat tray or 
belt, (c) coating or laminating onto substrates, or by (d) layering or blending two or more 
froths. For the purpose of this invention, the term "substrate" is defined as any material, 
such as, a collection of fibers, cloth, fabric, synthetic nonwoven material, polymer film, non- 
latex polymer foam, including polypropylene and urethane foams, leather, wood, glass, 
15 metal, or any other form of backing to which the frothed mixture will adhere when applied 
and after it is cured. Where suitable, the substrate and/or the latex foam can be punctured 
with a collection of microapertures before or after curing to assist in wicking fluid. In a 
preferred example, the absorbent latex foam of this invention can be laminated onto a 
microapertured non-woven fabric. This design is desirable in the diaper and feminine 
20 hygiene care products area, because the non- woven fabric gives a softer feel to the skin, 
while the microapertures improve wicking resulting in a feeling of dryness. 

Another preferred shaping process includes coating the froth onto a substrate that 
has superabsorbent polymer either incorporated in or layered on the substrate, the term 
"substrate" being defined hereinabove. For example, the substrate can have superabsorbent 

25 fibers or powder incorporated into the substrate itself; the substrate can have a 

superabsorbent film on the substrate surface being coated, either uniformly coated or 
patterned; the substrate can have superabsorbent polymer in the form of fibers or granules 
randomly distributed or specifically patterned on the surface of the substrate being coated. 
The superabsorbent can advantageously be included in a pattern in or on the substrate, such 

30 that in diaper applications fluid is absorbed in superabsorbent polymer in desired targeted 
locations in the diaper. The advantage of this aspect of the invention is that the 
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and drying is typically done at temperatures greater than 90°C and less than 200°C for 
anywhere from less than 1 min to 90 min. Thicker foams often take longer to set and dry at 
a given temperature than do thinner foams. Denser foams tend to take longer to set and dry 
at a given temperature than do lower density foams. 
5 The foams of this invention are also characterized by an open-cell structure and, prior 

to compression, a cell size typically ranging from greater than 50 microns (Mm) to less than 2 
mm in diameter (or cross-sectional dimension), as determined by scanning electron 
microscopy (SEM). 

The polymeric walls, or struts, in the foams of the present invention are typically 
10 characterized by having distinct domains derived from the surface materials of the latex 
particles (typically carboxylate rich material^ For example, films of carboxylated latexes 
•prepared at higher P H (above about 7) are known to have girder-like networks of 
carboxylated material throughout the latex film, outlining what used to be the surface of the 
individual latex particles. Alternatively, the films of carboxylated latexes prepared at lower 
pH (about 3) are known to produce carboxylated material highly dispersed as discrete 
particles throughout the latex film. These two types of domains have been well established, 
for example, by C. S. Kan and J. H. Blackson in "Effect of Ionomeric Behavior on the 
Viscoelastic Properties and Morphology of Carboxylated Latex Films," Macromolecules; 29 
(1996), 6853-6864. These types of domains in the cell wall are believed to contribute to the 
durability of the latex foam and are not expected for foams prepared directly from 
monomers, such as polymerized HIPE foams, since rllPE foams do not originate from 
particles. 

Without being bound by theory, it is believed that the domains, described 
hereinabove, distributed throughout the latex walls or struts, contribute to the durability of 
the latex foam by reinforcing the polymer. The earboxylated-latex formulations utihzed in 
preparing the foams of this invention typically have a pH above 7, so they are expected to 
have a substantially honeycomb structure of carboxylate-rich material within their polymer 
walls. Indeed, transmission electron microscopy (TEM) analysis of the foam from 
Example 2, hereinbelow, reveals the expected honeycomb structure. Crosslinking of the 
latex typically occurs with the surface functionality, typically carboxylate functionality, on 



15 



25 



18 



WO 01/80916 

PCI7US0I/II5I5 

■he hdex pmicle. Therefore, fc ^ ^ ^ ^ ^ ^ 

correspond ,„ a ^ «. fc MvidlIaJ ^ 

r^r* """"^ a ~ E suuaure ^ - - « 

" N,h ' y *-*— *» — ■ be expect ,o respond 

5 .o zovx of higher cross^g, »hich could hWe, to pro8rasi „„ of . lear or fraclore 
through the polymer wall. 

Formulations that blend latexes of higher Tg and lower Tg may also create foams 
wnh different types of advantageous structure in the polymer walls or struts One can 
choose a lower Tg latex to ultimately form the continuous structure of the wall or strut 
10 while the higher Tg latex remains primarily a particle in the wall or strut, yet crosslink* to 
the film of the lower Tg late, I„ such a situation, the higher Tg latex acts essentially as a 
crosslinking filler, reinforcing the polymer wall or strut. 

One preferred embodiment of this invention involves shaping a relative.y thick foam 
and then setting and drying it sufficiently slowly such that the cells in the center of the foam 

15 arerelativelylargeandgraduaDygetsmaDertowardsmesurfacesoftbefoam. Thegradient 
structure is the result of a relatively quick set of the surface of the froth as compared to the 
mtenor of the froth. As a result, the interior of the froth is allowed to coarsen after the 
surface structure has already been set. Optionally, the resulting foam can be sliced for 
example, roughly in half, that is, about midway between the two surfaces perpendicular to 
20 the thickness axis, producing two foams having a gradient of cell sizes, large on one surface 
and small on the opposing surface. Another method of obtaining a cell size grad.ent involves 
cunng one side of the foam at a cooler temperature than the opposing side of the foam 
Foams with such a gradient structure are particularly useful in rapidly acquiring fluids and 
sohd particulates on the surface having the large cell sizes, while rapidly wicking the fluid 
25 away from the point of acquisition through the small cells near the opposing surface For the 
purposes of this invention, a small ceD will typically range in size from 50 microns (m) to 
150 urn, and a large ceD will typically range in size from greater than 150 urn to 
2 millimeters (mm). 

The foams of this invention are inherently hydrophilic requiring no post modification 
30 The hydrophiheity may be provided by the latex polymer itself, for example, if hydrophilic 
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functional groups, such as hydroxy* or carboxytic acids, are present in the polymer. 
Additionally or alternatively, hydrophilicity may be provided by hydrophilic components in 
the latex formulation, such as, hydrophilic foaming aids, froth stabilizers, thickeners, and the 
like. 

5 As noted hereinbefore, the composition of this invention is capable of vertically 

wicking a 0.9 weight percent aqueous saline solution to a height of typically greater than 
5 cm preferably, greater than 10 cm, more preferably, greater than 15 cm, and most 
preferably, greater than 20 cm. Generally, the composition of this invention wicks aqueous 
fluids rapidly, for example, vertical wicking of a 0.9 weight percent aqueous sahne solutton 
,0 to a height of typically greater than 5 cm, preferably greater than 7 cm, and more preferably, 
greater than 10 cm in 2 min is typically achieved. 

Durability, as measured by stress at user break, percentage elongation at user break, 
and toughness, is also useful in characterizing the latex foam composition of this invenuon. 
Prior to being wetted, the latex foams of the present invention typically have a durabmty 
„ characterized by having: (1) a stress at user break of typically greater than 50 pounds per 
square mch (psi), preferably, greater than 75 psi, and more preferably, greater than 100 psr, 
(2) elongation at user break of typically greater than 100 percent, preferably, greater than 
150 percent, more preferably, greater than 200 percent, even more preferably, greater than 
250 percent, and most preferably, greater than 280 percent; and (3) a toughness of typically 
20 greater than 100 psi, preferably greater than 150 psi, and more preferably greater than 
200 psi. 

At essentially full absorbent capacity with a 0.9 weight percent aqueous saline 
solution, the latex foams of the present invention have a durability characterized by havtng: 
(1) a stress at user break of typically greater than 5 psi, preferably, greater than 10 pa. more 
25 preferably, greater than 15 psi, and most preferably, greater than 20 psi; (2) elongation at 
user break of typically greater than 25 percent, preferably, greater than 50 percent, more 
preferably, greater than 100 percent, even more preferably, greater than 150 percent, stul 
m0 re preferably, greater than 200 percent, and most preferably, greater than 250 percent; 
and (3) a toughness of typically greater than 1 psi, preferably, greater than 10 psi, more 
30 prcferably, greater^ 

greater than 25 psi. 20 
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fluid is reduced as the foam expands, yet the small cell sizes at the fluid front still induce a 
high capillary suction that draws the fluid up the foam. 

Foams that remain thin when compressed may require a tackifying component to 
resist the resilient force of the polymeric struts of the foam. The resilient force of the foam 

5 struts, acting to re-expand the compressed foam, must be overcome by a "tackifying force" 
acting to hold the cell walls together. The tackifying force can be achieved any of a number 
of ways. A foam that is compressed, for example, at a temperature above the effective Tg of 
the foam can remain compressed as a result of entanglement of the polymer chains. Care 
should be taken in this method to tack the foam into a compressed state, but not to 

10 permanently adhere the walls together. In an alternative method, or simultaneous with the 
polymer entanglement method, tackifying agents that adhere the cell walls together when the 
foam is compressed can be included in the formulation. Many materials can act as tackifying 
agents, including, for example, the thickener components listed hereinabove, the froth 
stabilizing components listed hereinabove, as well as viscous hydrophobic materials such as 

15 polyacrylic acid, partially or fully neutralized polyacrylic acid such as sodium polyacrylate; 
and glycol, polyglycols, glycerine, sugars, surfactants, and the like. Preferably, the tackifying 
force is relieved sufficiently when wetted to allow at least partial re-expansion of the foam. 
The quantity of tackifying agent will depend significantly upon the other components in the 
formulation. Typically one or more components already discussed sufficiently act as a 

20 tackifier and no additional tackifying agent, per se, is required. One skilled in the art can 
quickly determine the amount of tackifier needed, if any. 

tbst PROCEDURES 

Unless otherwise expressly indicated, the following test procedures are employed in 
the present patent application. Vertical Wicking Height is determined using a sample strip of 

25 foam approximately 1 inch (2.54 cm) wide and approximately 30 cm long. The sample strip 
is adhered to a plastic plate using double-sided tape and positioned adjacent to a ruler such 
that the bottom of the sample strip is aligned with the bottom of the ruler. The plate is 
suspended over a bath of 0.9 weight percent (%) aqueous saline solution with a minimal 
amount of blue food coloring (to assist in visualizing the fluid front). At "time zero", the 

30 bath is raised to just contact the bottom of the foam. The fluid height on the front surface of 
the foam is recorded at specified time intervals (generally 2, 10, 30 and 60 min). 
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Stress at User Break, Percent Elongation (Strain) at User Break, and Toughness 
0 (Stra I nEnergy)a re aUmeasuredu S inganIn S t r on 55 R420, utilizing a 100-pound (45 3 kg) 
load cell and a separation rate of 20 incheVnunute (50.8 cm/min). Measurement, are taken 
usmg foam samples 4 inches (1.0,1.6 cm) long and 1 inch (2.54 cm) wide. Dry samples are 
0.024 mch (0.6 mm) thick; wet samples are approximately 0.23 inch (5.8 mm) thick. 

The invention will be Amber clarified by a consideration of the following examples 
whicharemtendedtobepurelyexemplaryoftheuseoftheinvention. Other embodiments 
of the invention will be apparent to those skilled in the art from a consideration of this 
specificauon or practice of the invention as disclosed herein. 

Example 1 

A latex formulation was prepared according to Table 1. The brand latexes used 
(The Dow Chemical Company DL532 and DL313 brand latexes) were based on carboxylated 
styrene/butadiene monomer. Brand DL532 latex (-37* Tg) had the following monomer 
composition: 60 percent butadiene, 37 percent styrene, and 3 percent acrylic acid Brand 
DL313 latex (2* Tg) had the following monomer composition: 58 percent styrene 
39 percent butadiene, 3 percent itaconic acid. The latex formulation for this invention was 
prepared by adding the components in the order listed in Table 1 to a beaker while mixing 
wrth a Cowles-type blade. Care was taken to mimmize the amount of air entrained 
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EX-810 brand EGDGE. 

The larex —ion of Table 1 was frothed using a Kitchen-Aid Mixe, 
^fcastona, Mode,, ,0 give a cup weigh, o, 8.6 g. The cup we,gh, corresponds ,o *. 
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The infrared oven had hearers above and be,„w ,be conveyor. The top and bottom, 
toleK we™ s« at approximate 100-C. The conveyor speed was set to agow « 
20 "slddwegtbneinlheoven. A.er paasmg Uvrough , be mfrared oven, , bo froth was 
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Table 2. Wicking Height (cm) 
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Table 3. Latex Froth Formulation for Examples 2 and 3 



Component 3 


Name 


% Solids 


Dry Parts 
by weight 


Wet Parts 
by weight 


Latex 


DL595 


51 


65 


126.95 


Latex 


DL313 


49 


35 


71.14 


Antioxidant 


Aquamix™ 494 


58 


1.50 


2.59 


Froth 
Stabilizer 


Stanfax™318 


35 


3.50 


10.00 


Thickener 


Methoceh" 
E4M 


2.5 


0.33 


13.20 


Base 


NH4OH 


28 


(to pH 9) 


(to pH 9) 


Coreactive 

material: 

Epoxy 


Ethylene 
Glycol- 
Diglycidyl 
Ether 


100 


6.00 


6.00 



a. DL595 and DL313 brand latexes and Methocel™ E4M brand thickener were obtained 
from The Dow Chemical Company. Aquamix™ 494 brand antioxidant was obtained 
from Harwick Chemical Corporation. Stanfax™ 318 brand froth stabilizer was 
5 obtained from Standard Adhesive & Chemical Company, Inc. Ethylene glycol 

diglycidyl ether (EGDGE) was obtained from Nagase Chemical Ltd. as Denacol™ 
EX-8 10 brand EGDGE. 

The latex formulation was frothed using a Cowie- Riding (CR-twin) foamer and 
10 using only the first of two mixing heads. The formulation pump was maintained at 

10 revolutions per minute (RPM), and the mixing head was maintained at 650 RPM. The 
air pressure was adjusted to obtain a 8.7 - 9.0 g cup weight. The cup weight corresponded 
to the weight of froth in a level 3 once (88.7 cm 3 ) cup. Cup weights were measured before 
and after drawing down the foam to ensure stability in the froth density. The froth expelled 
15 from the mixing head through a 53 inch (134.6 cm) long Tygon™ tube (1/4 inch ID 
(6.3 mm ID)). 

The froth was drawn down to a thickness of 0.25 inch (6.3 mm) onto a 10-inch 
(25.4 cm) by 14-inch (35.6 cm) Teflon™-coated mesh that had approximately 1-mm wide 
fibers with approximately 1-mm wide spaces between fibers. The mesh was fed through an 
20 infrared oven (Holman Minimeyor™ Model 214) on a chain-link conveyor belt. The mesh 
was pulled through the infrared oven by inserting pins through the mesh, which engage the 
chain-link conveyor. A drawdown bar was supported above the mesh at a spacing 
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corresponding to the desired drawdown thickness. A head of latex 
against the drawdown bar. 



PCT/US0I/I1515 

froth was maintained 



TTe infr«d oven ter5 ^ ^ 

30-second dwell tune in the own Aft- . a 

^ ° Vea ^ P**^ through the infrared oven the frn.h 

(965 kPa)usmg a hydraulic press, contpresseo foant re m ained Unn-tiU-wet 

Within 24 hours of compressing the foam, the vertical wickmg height and free 
Procedures section hereinabove. Results are set forth in Table 4. 



Table 4. Free Absorbent Capacity and Vertical Wicking 




i P°am drawdown = 0.25 inch (6.3 mm), 
b. Foam drawdown = 0.5 inch (12.5 mm). 



Compressing these foams gives a significant i 



without loss of fluid capacity. 



improvement in wicking properties if desired 
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It was found, as evidenced in Examples 2 and 3 hereinabove, that the latex foam 
composition of this invention was capable of vertically wicking a 0.9 weight percent aqueous 
saline solution to a height greater than 20 cm. The wicking height of the latex foam 
composition was observed to be greater than 5 cm in 2 min, and in a preferred embodiment 
equal to 10 cm in 2 min. Additionally, the latex foam composition of this invention was 
found to have a free absorbent capacity of greater than 15 g aqueous saline solution per g 
foam. 

Example 3 

A foam was prepared and tested as in Example2, with the exception that the 
thickness of the foam strip for the vertical wicking test and the free absorbent capacity test 
was 0.5 inch (12.5 mm) rather than 0.25 inch (6.3 mm). After compression, the foam 
remained thin-till-wet. Vertical wicking and free absorbent capacity tests were run within 
24 hours of compressing the foam and in the manner described in the Test Procedures above. 
Results are shown in Table 4. 

In addition, a comparison of the data of Tables 2 and 4 illustrates the advantages of 
using a commercial foamer. In particular, for examples, foams prepared with the commercial 
foamer demonstrated 30 minute wicking heights which were double those realized using the 
lab scale Kitchen Aid Mixer. 

Example 4 

A latex formulation was prepared according to Table 5. The formulation was 
prepared by adding the components to a beaker in the order listed while mixing with a 
Cowles-type blade. Care was taken to minimize the amount of air entrained. 
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10 



15 





Table5. Latex Froth Formulation for Example 4 


Component 3 


Name 


Percent SoJids 


Dry Parts 
by weipht 


Wot D„w- 

■ ■ « Ul tO 


Latex 


DL595 


51 


OJ 


by weight 
126.95 


Latex 


DL313 ~ ~~ 


49 


35 


71.14 


Anti-oxidant 


AnnomtvTU A A A 

/Aijuamix ,M 4V4 


58 


1.50 


2.59 


rrotn otabilizer 


Stanfax™318 


35 




10 


Thickener 


Methocel™ E4M 


2.5 


0.33 


13.20 


Filler 


Dispersed Plastic 

Pigment 

(RAP380NA) 


51.2 


50 


97.66 


pH Modifier 


Ammonium 
hydroxide 


28 


- to pi 


19- 


Coreactive 

Material: 

Epoxy 


Ethylene glycol 
diglycidyl ether 


100 


6 


6 



a. DL595 and DL3 13 brand latexes, Methocel™ E4M brand thickener and RAP380NA 
disposed plasuc pigment were obtained from The Dow Chemical 7cZ££? Catix 

Stt^tsZZ rlr^ fr ° m thC Ha ^ Ck Chemical Corp'omion' 
Sranfax™ 318 brand froth stabahzer was obtained from Standard AdheXe & Chemical 



The latex formulation was frothed, shaped into a 0.5-inch (12 mm) thick sheet and 
set as described in Example 2, with the exception that the froth was placed in the forced air 
oven at 150-C for 30 min instead of 20 min. The resulting foam was s.iced approximately in 
half along the thickness axis producing 0.25-inch (6 mm) sheets with large diameter cells 
(approximately 1.4 mm) on one surface and smaller diameter cells (approximately 
100 microns) on the opposing surface. The foam was compressed in a hydraulic press tmder 
approxamately 150 psig pressure reducing the foam thickness to approximately 1 mm. The 
compressed foam remained thin- till- wet. 

Vertical Wicking was measured on the compressed foam in the manner described in 
the Test Procedures, using sample strips of approximately 28 cm length by 1 cm width cut 
from the compressed foam. Results are set forth in Table 6. 
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Table 6. Vertical Wicking Results for Example 4 



Time (minutes) 


2 


10 


30 


60 


Height (cm) 


7.3 


13.5 


15 


15 



The unwetted foam thickness remained at 1 mm, while the foam end in contact with the 
water expanded to approximately 5 mm in thickness. 

It was seen that a latex polymer foam of this invention was capable of vertically 
wicking a 0.9 weight percent aqueous saline solution to a height of 15 cm, reaching a height 
of greater than 7 cm in 2 min. 

Example 5 

A latex foam was prepared as in Example 4, with the exception that the foam was 
frothed, shaped, and cured into a sheet of 0.25 inch (6.3 mm) thickness. In contrast to 
Example 4, the foam was used as synthesized and was not sliced in half. The foam was 
compressed in a hydraulic press under approximately 150 psi pressure reducing the foam 
thickness to approximately 0.024 inches (0.6 mm). The compressed foam remained thin-till- 
wet. 

Within 24 h of compressing the foam, vertical wicking was measured in the manner 
described in the Test Procedures with the results set forth in Table 7. 



Table 7. Vertical Wicking for Example 5 



Time 
(minutes) 


Vertical 
Wicking Ht(cm) 


0.5 


0.8 


1 


1.3 


2 


2.0 


3 


3.2 


4 


4.5 


5 


5.0 


10 


7.3 


30 


11.5 


60 


13.5 


90 


14.0 
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The physic p,„ penie5 of the , om ^ ^ sireK ^ ^ 

percentage electa, a, user break, ^ M „ glmKS , W(Jre ' 



ui uic 



measurements are shown in Table 8. ."'peny 

Table 8. Physical Properties (Durability) 



Polymer 
State 


Stress at user 
break (psi) 


% Elongation at 
user break 


Toughness 
(psi) 


Dry 


109.76 


3R77 


201.07 


Wet J 


20.25 



285.11 


28.41 



f ° Und *" "* P ° ,Jme ' te *- —MB- of .his invenUon vcrMv 
w«W a rt*. t0 . ^ of 1 4 cm in 60 min. The compos., „ both d ^ 
and we, suncs. was M ,„ cMM good valucs of ^ >( ^ ^ ^ 
elongation at user break, and toughness. 

Examp le 6 

A latex formulation was prepared according to Table 9. The formulation was 
prepared by adding the components to a beaker in the order listed while mixing with a 
Cowles-type blade. Care was taken to minimize the amount of air entrained. 

Table 9. Latex Froth Formulation for Example 6 



Component a 
Latex 



Anti-oxidant 
Froth Stabiliz er 
Thickener 
pH Modifier 



Coreactive 
Material: Epoxv 



Name 



DL595 



Aquamix™ 494 
Stanfax™ 318 
Methocel™ E4M 
Ammonium hydroxide 
Ethylene glycol 
diglycidyl ether 



Dry Parts 
by weight 



195.31 



a. DL595 and Methocel- E4M brand thickener were obtamedlom The Dow Ph • i 
Company. Aquamix- 494 brand antioxidant was obtained \^^^^^ 
Corporation. Stanfax- 318 brand frmh ct*K;i; T e Harwick Chemical 

Chen™, Company, Inc. ^^SSSSSS^S T-***" & 
Aldrich Chemical Company. B j y c iayi ether (EGDGE) was obtained from 
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The latex formulation was frothed, shaped into a 0.25-inch (6 mm) thick sheet, and 
set as described in Example 1 . The foam was compressed only slightly by hand to 
approximately 20 percent of its original thickness. The compressed foam remained thin-tiU- 
wet. 

Vertical wicking measurements were done on the compressed foam, in the manner 
described in the Test Procedures, using a 15 cm long sample, instead of the typical 30 cm 
long sample. The compressed foam wicked a 0.9 weight percent aqueous saline solution 
1 2 cm in 1 0 min. The saline solution had reached the top of the 1 5 cm strip within 60 min. 
The foam further demonstrated a free absorbent capacity of 1 8 g/g. 

Example 7 

Latex foams were prepared as in Example 1 except the ratio of DL532 to DL313 
were changed systematically. Increasing the levels of polymer with a higher glass transition 
increases the extent of compression after the compressive force is removed. The ratios of 
DL532/DL313 are 68/32, 50/50, 25/75 and 0/100 all other component were held constant 
The height of the foams was measured. The foams were compressed as described in 
Example 1. The force was removed, and the foam allowed to recover. The resulting foam 
height was reported as a percentage of the original, non-compressed foam. 

Table 10. Extent of Compression (% of uncompressed foam thickness) 



Ratio ofDL532/DL313 


68/32 


50/50 


25/75 


0/100 


Foam height (after compression & 
recovery) 


29% 


27% 


22% 


13% 



This data shows the ability to control the thickness of the final compressed foam. The extent 
of compression is recorded as the percent of the original uncompressed foam. 
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CLAIMS: 

1 . A composition comprising a durable, conform*^ u.^ M . . 

"jrviiupiuuc, polymeric 
to foan,, whrch « capabk of acqdring ^ dhMxrtog w ft*, ^ wbich „ 

as bei» 8 capabfe „, , enMy „, cking , wei( , hl ^ 

solution to a height of greater than 5 



cm. 



2 The composition of Cain, , wherein the latex poller is prepared from one 
or more ethylenically unsaturated monomers selected from the class of styrene monomers 
and monomers copolymerizable with the styrene monomer. 

3. The composition of any of the preceding claims wherein the polymeric latex 
10 foam, pnor to compression, has a cell size ranging from greater than 50 p.m to less than 

2 mm. 

4. The composition of any of the preceding claims having a free absorbent 
capacity for a 0.9 weight percent aqueous saline solution of greater than 10 grams aqueous 



saline solution per gram dry foam. 



15 



5. The composition of any of the preceding claims having a density, prior to 
compression and in the absence of filler, of greater than 0.02 gW and less than 0.20 gW. 

6. The composition of any of the preceding claims characterized as having a cell 
size gradient from one surface to an opposing surface. 

7. The composition of any of the preceding claims which after compression 
20 remains thin-till-wet. 

8. The composition of any of the preceding claims wherein the effective Tg of 
the foam composition is less than 40°C 

9. The composition of any of the preceding claims characterized, prior to 
wetting, as having at least one of the foDowing characteristics: 

25 (a) a stress at user break of greater than 50 psi; 

(b) a percentage elongation at user break of greater than 150 percent; or 

(c) a toughness of greater than 100 psi. 
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10. The composition of any of the preceding claims characterized, when at full 
absorbent capacity with a 0.9 weight percent aqueous saline solution, as having at least one 
of the following characteristics: 

(a) a stress at user break of greater than 5 psi; 

(b) a percentage elongation at user break of greater than 100 percent; or 

(c) a toughness of greater than 20 psi. 

1 1 . The composition of any of the preceding claims which is prepared without 
vulcanization. 

12. A process comprising: 

(a) frothing a formulation comprising a reactive latex polymer, the formulation 
being designed to produce a durable, conformable, hydrophilic, polymeric latex foam capable 
of acquiring and distributing fluids and capable of vertically wicking a 0.9 weight percent 
aqueous saline solution to a height of greater than 5 cm; 

(b) drawing the frothed latex formulation into a desired shape; 

(c) setting the shaped latex formulation under conditions sufficient to prepare the 
aforementioned durable, conformable, hydrophilic, polymeric latex foam composition; and 

(d) optionally, compressing the latex foam under conditions sufficient to prepare 
a "thin- till- wet" foam composition. 

13. The process of Claim 12 wherein the solids content of the reactive latex 
polymer in the formulation is greater than 20 and less than 80 weight percent, based on the 
total weight of the formulation. 

14. The process of any of Claims 12-13 wherein the latex formulation comprises 
a coreactive material which is soluble or dispersible in water or in a water-miscible liquid, 
and which contains at least one carbon atom and which has at least two substituent groups 
which are coreactive with reactive groups on the latex polymer. 

1 5 . The process of any of Claims 12-14 wherein the formulation further 
comprises at least one of the following: 

(a) a foaming aid; 

(b) a foam stabilizer; 

34 



WO 01/80916 

PCT/US01/II515 

(0 an acidifying or alkalizing agent, suitable «o ad fust the p H of the fo , ■ 
to a value between 7 and 13; P formulation 

(tW o +u:~i 

(f) an antioxidant; 

(g) a gelling agent; or 

(h) a plasticizing component. 

" U,ex f oL li T, " ProCeSS0fa " 5 ' OfC ' a,n,S ' 2 - ,5 -" hereh!aidd ^°' «"<-°<><« 
fte my or be*, (») cottng ot 

bfending ,wo or more fr„o, s . ^ " by (,v) h W™i « 

18. TheprocessofanyofClaims 12-17 wherein the shaped configuration is set at 
a temperature greater than 90C and less than 20OC. 

19. The process of any of Claims 12-18 wherein, after setting, the foam is cut 

20 perpendicular to the thickness axis so as to obtain a fo u • 

alon, ,h, ,h - v 0SBn haVU18 3 £radient «fcefj sizes 

along the tmckness ax* from one surface to the opposing surface. 

25 mic ^ ePr ° CeSSOfClaim 16 ^rein the substrate and/or the latex are 

25 microapertured before or after curing. 
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23. An article of manufacture selected from diapers, adult incontinence pads, 
adult incontinence briefs, feminine hygiene products, towels, wiping sponges, wound 
dressings, surgical sponges, clothing apparel, food packaging, cable wraps, and water block 
tapes, said product comprising the composition of any of Claims 1-11 or 22. 
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